ABSTRACT: Ten wheat genotypes were tested for resistance characteristics to Puccinia triticina. Infection intensity in the field was evaluated at different growth stages, and time of spike appearance and leaf senescence were recorded. At seedling stage, under the controlled conditions of greenhouse, latency period, infection frequency and reaction type were determined. Resistance characteristics at different wheat growth stages were strongly correlated. Correlation coefficient between LP x RT x IF and AUDPC values, was 0.828. The highest coefficients of correlation between particular resistance characteristics and maximal intensity in the field were determined with the last evaluation in the field (0.665, 0.476 and 0.834). Time of spike appearance was very variable for different genotypes, whereas leaf senescence was recorded concomitantly for near all genotypes. The exception was Rusalka, as the most resistant in the field. All genotypes included in this three-year long experiment expressed stability with respect to infection intensity at different growth stages. Genotype Timson showed the highest level of resistance according to all tested characteristics, while genotype Pkb krupna showed the lowest.
INTRODUCTION
Leaf rust, as an important wheat disease (Puccinia triticina), was described in 1797, and the cycle of disease development was described in 1927. Nowadays, it is still one of the major parasites worldwide. In our country, average yield losses due to this disease were about 38%, and considerably smaller damage was recorded on domestic wheat genotypes (J e r k o v i ã and P u t n i k -D e l i ã, 2004, 2005) .
Consequences of pathogen attack were reduction of photosynthesis and collapse of metabolism. At the beginning of plant development, infection reduces resistance to low temperatures or reduces stalk and seed number (P u tn i k -D e l i ã, 2008). The most frequent consequence of infection is poor seed quality (J e r k o v i ã, 1995). Susceptibility of commercial varieties is the result of growing the same varieties for long time on very large surfaces. On the other hand, wheat breeding does not always follow the dynamics of pathogen changes (P u t n i k -D e l i ã, 2006).
Species from genus Puccinia have huge reproductive potential. Therefore, initial inoculums originating from different sources are always present.
Wheat breeding for resistance to parasites could be improved with the help of seedling test. Experimental data suggest that it is possible to select for sources of resistance already at seedling stage.
The most exploited method for evaluation of wheat resistance at seedling stage to Puccinia triticina is according to the reaction type. This feature is dependent on temperature, and at seedling stage optimal temperature is 15-20°C. Even then, some results are not correlated with infection efficiency and reaction type in the field. Low infection efficiency and prolonged latent period are sufficient to reduce the development of pathogen and make non-economic application of the other protection measures (J e r k o v i ã, 1992). Low infection efficiency is the most discussible parameter whose better explanation is necessary in order to fully understand the process of overcoming the genes for resistance (N i k s et al., 2000) .
Environmental conditions have the highest influence on latent period ( B r o e r s and W a l l e n b u r g, 1989). The other characteristics, such as infection efficiency, are of lower variability. Prolonged latent period is the last characteristic before resistance overcoming. In the field, reliable criteria for incomplete resistance are time and intensity of the beginning of infection, and AUDPC value (P u t n i k and J e r k o v i ã, 2002). The first infection, according to the modified Cobb scale (from 5 and higher, P e t e r s o n et al. Parasite has the possibility of continuous and fast adaptation, so it can multiply on each variety after shorter or longer period of time. Process of changes in the pathogen population infecting particular genotype is concomitant with the breeding process (P a r l e v l i e t, 1986). Resistance which exists more than ten years could be called durable (R o e l f s et al., 1992).
R u b i a l e s and N i k s (2000), revealed that the resistance to Puccinia triticina could survive longer than usual. One of the significant strategies is incorporation of more major resistant genes into new cultivar (S t a l e t i ã et al., 2005) . Combinations of Lr genes could lengthen wheat resistance for few years more (K o l m e r, 2001).
The aim of this study was to choose the values or relations of resistance characteristics at seedling stage in the greenhouse which can be used to predict intensity of infection in the field.
MATERIAL AND METHODS
Ten wheat genotypes were tested for three resistance characteristics in the greenhouse. Latency period (LP), reaction type (RT) and infection efficiency (IF) at seedling stage were evaluated. In the field, time of spikes appearance and leaf senescence were marked, and infection intensity was evaluated at three time points.
The resistance characteristics of seedlings were analysed at 20°C in greenhouse during winter period. Seven days old seedlings were inoculated by trashing spores (S t a k m a n, 1954). Incubation in high moisture lasted for 24 hours. The RT estimated after ten days from incubation was transformed as described before (0 = 6, 1 = 7, 2 = 8, 3 = 9, 4 = 10) (J e r k o v i ã and P u tn i k -D e l i ã, 2004). The latency period (LP) was observed visually six and seven days after the incubation and marked adequately (1 = pustule appeared on the first day, 0.8 = some of them on the second day, 0.7 = all after the second day), while the infection frequency (IF) was observed after 10 days. IF represents maximal number of pustules in the observed area (6 = less than 20 pustules in the middle of the first leaf, 7 = 20-30, 8 = 31-40, 9 = 41-50 and 10 = more than 50). The data obtained using the formula RT x IF x LP were correlated with maximal infection intensities in field, and AUDPC (Area Under the Disease Progress Curve) (B j a r k o and L i n e, 1988). The results of seedlings test in the greenhouse and at the adult stage in the field monitored during three years were presented in the paper. The infection intensities in the field were estimated according to the modified Cobb scale. The experiment was done in experimental fields of the Institute of Field and Vegetable Crops, Novi Sad. The correlation coefficients between the estimated parameters were calculated using the computer program STATISTICA 8.
RESULTS
Five varieties showed complete susceptibility at seedling stage. Those genotypes have high values of maximal infection intensity, too (Tab. 1). Time of spiking was very variable between the genotypes, and this trait had no influence on infection intensity. In two genotypes (Ana and Nizija) at seedling stage, only prolonged LP appeared as the last characteristic before the resistance was overcome. However, in contrast to Ana, Nizija is early-spiking and its maximal infection intensity was low (40). Pobeda showed lower values for two resistance characteristics at seedling stage and it was in accordance with its maximal infection intensity in the field. Varieties Rusalka and Timson expressed the lowest values of the tested characteristics.
Year 2003 was bad for both, parasite and wheat development (Fig. 1) . Ana had the highest AUDPC values in 2002 with respect to the other experimental years and analysed genotypes. Correlated derived data in seedling stage and infection intensity under field conditions obtained high values (Tab. 2). Correlation coefficients between the greenhouse and field evaluations were the highest with the last evaluation in the field (0.665, 0.476, and 0.834). The highest correlation coefficients were found from 2004 data, because that year was near optimal for both host and fungus development. All genotypes expressed stability of resistance characteristics at different wheat growth stages. Genotypes with high correlation coefficients among all data are at the same time stress resistant. Some experiments suggest that the content of soluble sugars is higher in older leaves (S h i r o y a et al., 1961; T r i p p i, 1965; E g l i et al., 1980; T h i m a n n, 1980; C r a f t s -B r a n d n e r et al., 1984) , and increased sugar concentration blocks photosynthesis (L a z a n et al., 1983). Accumulation of soluble carbohydrates and salts in seedling stems may be an indicator of osmotic stress, but also an indicator of better tolerants to Puccinia triticina (K e r e p e s i and G a l i b a, 2000). The results of the cited experiments suggest that the reduction of Puccinia triticina could be related to speed of plant development, or to a seed with influence to Puccinia triticina development. This is especially the case with varieties that have small number of seeds per spike, especially those with early earning.
Breeding for prolonged LP, lower values of IF and smaller number of pustules lead to lower AUDPC values in wheat (L a l A h m e d and S i n g h, 2003
). In general, when genotypes showed stability in infection intensity at different growth stages over the years, lower values of AUDPC were well correlated with resistance characteristics in seedlings.
According to B r o e r s (1997), latent period, infection efficiency and reaction type are highly correlated with data of disease development in the field. Those results suggest that testing for one of these components in the greenhouse could result in varieties with high level of quantitative resistance. If inoculation in the glasshouse is uniform, monocyclic evaluation may be sufficiently reliable and at the same time, very convenient because of its simplicity.
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